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Abstract 
The collision with the delta potential barrier and the bound state in the delta potential well for a particle are both 
typical problems in quantum mechanics. We solve strictly the eigenequations of a particle in the delta potential fields 
in phase space in order to offer another soluble example for physical systems. We define the Schrödinger equations of 
the delta potential fields in the phase space.  
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1. Introduction
The quantum theory represents a radical change, not only in the content of scientific knowledge, but
also in the fundamental conceptual framework in terms of which such knowledge can be expressed. The 
true extent of this change of conceptual framework has perhaps been obscured by the contrast between 
the relatively pictorial and easily imagined terms in which classical theory has always been expressed, 
with the very abstract and mathematical form in which quantum theory obtained it original development. 
Nevertheless, with the further development of the physical interpretation of the theory, it finally became 
possible to express the results of the quantum theory in terms of comparatively qualitative and 
imaginative concepts, which are, however, of a totally different nature from those appearing in the 
classical theory [1]. Phase space is just one of these concepts. 
As an important concept in classical statistical mechanics, phase space cannot be utilized directly in 
quantum theory due to the Heisenberg uncertainty principle. However, since Wigner [2-4] introduced the 
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first quasi-probability distribution function in phase space for quantum corrections to classical statistical 
mechanics, a variety of quantum phase-space distribution functions have been proposed, and found to 
have extensive uses in many areas of physics and chemistry. In 1990s, Torres-Vega and Frederick  
established a new phase-space representation of quantum mechanics [5, 6]. They define quantum state 
functions directly in the phase space, and determine corresponding Schrödinger equations and quantum 
Liouville equations. The most important character of this quantum phase-space theory is that almost all 
the mathematical properties in the general position or momentum representation of quantum mechanics 
are retained for quantum state functions in the phase space.  Therefore, many useful methods and results 
can be replanted to the phase-space representation. It should be noted that the mathematical treatment for 
physical problems in the phase space is much more complicated than that in general position or 
momentum space, because the number of dimensions in the phase space is twice of that in general 
position or momentum space. 
It is well known that the wave functions in position or momentum representation of quantum 
mechanics can be defined exactly, differing at most by a phase factor. However, the wave functions in the 
phase-space representation are not unique, just like the quantum phase-space distribution functions.  The 
wave functions in the phase space are also more complicated than those in general position or momentum 
space in terms of formulation. Therefore, it is of significance to find some solvable physical systems in 
the phase space, not only for the discussion of general properties of the wave functions but also for 
practical applications. Recently, a variety of advances have been made in this area [7, 8]. The scattering 
theory in the phase space has also been developed [9].  At the same time, some equivalent quantum 
phase-space theories, for example, the relative-state theory, the linear transformation theory, and the 
displacement-operator theory have also been established [10]. 
The collision with the delta potential barrier and the bound state in the delta potential well for a 
particle are both typical problems in quantum mechanics. In this paper, we will solve strictly the 
eigenequations of a particle in the delta potential fields in phase space in order to offer another soluble 
example for physical systems. We will define the Schrödinger equations of the delta potential fields in the 
phase space. 
2. Schrödinger equations for a particle in delta potential fields 
According to the mapping of Torres-Vega and Frederick, the position and momentum operators in the 
phase space can be written as follows, 
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Then we obtain the stationary state Schrödinger equation of the systems as 
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ˆ the potential energy operator and E the eigenenergy. 
By means of the relations 
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If we insert the potential energy function V (q) to be the delta potential fields, i.e., 
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where Ȗ is a parameter and q0 the eigenvalue of the position operator, and the delta function is represented 
as 
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where Į is a parameter, we obtain the potential energy operator as 
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as the momentum displacement operator, and noting that  0exp qq D  is commutable withTˆ  i.e., 
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if the delta function is represented as Eq. (10), we can easily prove that
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With the help of Eqs. (9) and (14), Eq. (8) becomes 
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This is the stationary state Schrödinger equation of a particle in the delta potential fields in the phase 
space. 
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